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We report a novel homogeneous immunoassay system second antibody was added to the reaction mixture. We invoMng protein-bearing Iiposome-encapsulated carboxyfluorescein as a release marker. We applied this system to determine protein antigens, e.g., ferritin, in human serum samples by a sandwich-type assay. Uposomal lysis was observed in many samples, even though no demonstrated that the functional groups used to immobilize an antibody on liposomes are related to this phenomenon. Stable liposomes in human sera were prepared by incorporating bromoacet,i groups instead of the dThiopyrid,4 groups used previously. A good correlation (y = 0. The principle of MCIA is outlined in Figure   1 . However, we observed the independent liposomal lysis in the measurements of many human sera.
We describe here investigations of the causes of the nonspecific liposomal lysis in human sera and the preparation of stable liposomes in human sera.
Materials and Methods Materials
Buffers. The components of the HEPES-buffered salt 
Bromoacetyl (BrAc)-DPPE
was synthesized as follows: 1 mmol of bromoacetic acid (Wako Pure Chemical Industries, Osaka, Japan) was dissolved in 30 mL of chloroform. Co., Tokyo, Japan).
The purified F(ab')2 of the antibody was collected and condensed with a 
Results
Influenceof DTP on Serum-InducedNonspecificUposomal Lysis
We were able to determine precisely the concentrations (-1-1000 gfL) of ferritin in GBS2. However, we observed nonspecific liposomal lysis in some human serum samples without the addition of a second antibody. The liposomes containing DIP groups were also lysed only with the addition of greater concentrations of complement (>50 CH50) without human sera, as shown in Figure 2 . The liposomal lysis increased with increasing DTP contents. These results suggest that the DTP groups in the liposomal membrane are related to the nonspecific liposomal lysis.
Stabilization of Liposomes in Human Sera
We synthesized some functional lipids (Table 1) BrAc groups were the most stable in higher-concentration complement (Table 1) . We checked the stability of the liposomes loaded with Fab' antibody through BrAc groups in 53 human serum samples without a second antibody in the presence of complement
(-20
CHro). The samples, which were from both healthy persons and patients, were obtained from Toshiba Central Hospital (Oimachi, Tokyo, Japan). For the DTP-liposomes, 18 serum samples showed liposomal lysis >5% (mean 5.03%, SE 0.46%); 4 of these were >10%.
The maximum lysis was 17.71%. In contrast, only three serum samples lysed BrAc-liposomes (mean 1.60%, SE 0.26%; maximum lysis, 12.29%). The liposomal lysis in BrAc-liposomes was generally lower than that in DTPliposomes. These results suggest that the residual functional groups not involved in the immobilization reaction of an antibody on the liposomal surface are related to the interaction with human sera in the presence of complement; further, a BrAc group might be less sensitive to the attack of sera and complement than a DTP group. We also observed liposotnal lysis of <10% for DTP-DPPE liposomes, even in some heat-inactivated sera (63 #{176}C, 5 mm) in the presence of complement (-20 CHso), whereas the BrAc-liposomes were never lysed under those conditions. Neither type of liposome was lysed (<3%) when reacted with native human sera in the absence of complement.
Characteristics of BrAc-Ljposomes
Because the BrAc-liposomes showed superior stability in human sera, we studied further the characteristics of these liposomes. First, we made a calibration curve for ferritin determination in human serum. Calibrators were prepared by adding various amounts of pure human liver ferritin to human sera from which ferritin had been previously removed by affinity chromatography (12) . Ferritin in the range of 10-1000 gfL in human sera could be determined by using the BrAcliposomes (Figure 3) . Finally, we assessed the storage stability of the BrAcliposomes. We repeated the preparation of the calibration curve for ferritin, using the same liposomes after they had been stored for 1 year at 4#{176}C. As Figure 3 shows, the calibration curves before and after 1 year were almost the same. The BrAc-liposomes were very stable when stored at 4#{176}C.
Discussion
The Langmuir-Blodgett To study the st.abffity of liposomes against human sera in the presence of complement, we measured curves for surface pressure (ir) vs surface area (A) for lipid membranes containing various functional lipids.
We investigated the effects of DTP-DPPE contents on the ir-A curve of lipid monolayers. We used commercially available L-B membrane preparation equipment (FSD-20; USI Co., Fukuoka, Japan) for experiments at 25#{176}C. The lipid solutions in chloroform contained DPPC, cholesterol, and DTP-DPPE (molar ratio = 100:100x). As for DTP-DPPE might be related to the differences in stability of the various liposomes in human sera. In fact, for BrAc-DPPE inserted with a heptyl (five methylenes) spacer group, the liposomes became extremely unstable to human sera or complement (data not shown). We also studied the effects of changing the kinds of functional lipids in the liposomes. The molar ratio of functionallipidswasfixedatx = 5.Inthecasesofboth DPPE and BrAc-DPPE, the curves were similar to those without functional lipids ( Figure 6 ). In fact, the ir-A curve of the lipid monolayer containing DTP-DPPE moved markedly to the right. These results may mean that the fluidity of the lipid monolayers without DTP-DPPE is low and thus the liposomes incorporating 
